
• MDP Search Trees

Discounted Rewards

• Gt = sum 𝑟𝑡 , 𝑟𝑡+1, 𝑟𝑡+2, … , 𝑟𝑇

• Problem: Diverging return.

• Solution:

– Fixed step termination: Finite horizon

– Guaranteed terminal state: Absorbing State

– Discounted rewards

• 𝐺𝑡 = 𝑟𝑡 + 𝛾𝑟𝑡+1 + 𝛾2𝑟𝑡+2 + ⋯ =  ∑𝑘=0
∞ 𝛾𝑘𝑟𝑡+𝑘

Properties of Discount Factor, 𝛾

• ∑𝑘=0
∞ 𝛾𝑘𝑟𝑡+𝑘 ≤

𝑟𝑚𝑎𝑥

1−𝛾
 , ⇒ Bounded return.

– 𝛾 ∈ 0, 1

– Small 𝛾 ⇒ More focus on present return

– Large 𝛾 ⇒ More focus on future return

𝑆𝑡𝑎𝑡𝑒, 𝑠 ∈ 𝑆 

𝐴𝑐𝑡𝑖𝑜𝑛, 𝑎 ∈ 𝐴 𝑠  

𝑅𝑒𝑤𝑎𝑟𝑑, 𝑟 ∈ 𝑅 𝑠, 𝑎, 𝑠′  

𝑇𝑟𝑎𝑛𝑠𝑖𝑡𝑖𝑜𝑛 𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦, 

𝑃 𝑠, 𝑎, 𝑠′  

𝑂𝑝𝑡𝑖𝑚𝑎𝑙 𝑃𝑜𝑙𝑖𝑐𝑦, 𝜋∗(𝑠) 

𝑅𝑒𝑡𝑢𝑟𝑛, 𝐺𝑡 = ∑𝑘=0
∞ 𝛾𝑘𝑟𝑡+𝑘 

𝑟𝑡

𝛾𝑟𝑡+1

𝛾2𝑟𝑡+2

Future rewards have low 

influence on decision

This return is not sufficient, to learn 

optimal policies in unknown environments.
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  R e t u r n ,    G t =  ∑  k = 0 ∞   𝛾 k  r  t + k


  O p t i m a l   P o l i c y ,    𝜋 ∗ ( s )


  P  (  s , a , s ′ )


  T r a n s i t i o n   P r o b a b i l i t y ,  


  R e w a r d ,   r ∈ R  (  s , a ,  s ′ )


  A c t i o n , a ∈ A  ( s )


  S t a t e ,   s ∈ S


  𝛾 ⇒


  𝛾 ⇒


  𝛾 ∈  (  0 ,   1 )


  ⇒


   ∑  k = 0 ∞   𝛾 k  r  t + k ≤    r  m a x  1 − 𝛾


  𝛾


   G t =  r t + 𝛾  r  t + 1 +  𝛾 2  r  t + 2 + … =    ∑  k = 0 ∞   𝛾 k  r  t + k


   G t = sum  (   [   r t ,      r  t + 1 ,      r  t + 2 ,   … ,    r T ] )



